Many smokers are aware that smoking is a dangerous health behavior and eventually try to quit smoking. Unfortunately, most quit attempts end in failure. Traditionally, the addictive nature of smoking has been attributed to the pharmacologic effects of nicotine. In an effort to offer a more comprehensive, biobehavioral analysis of smoking behavior and motivation, some researchers have begun to consider the role of social factors in smoking. In line with recent recommendations to integrate social and pharmacological analyses of smoking, we reviewed the experimental literature examining the effects of nicotine and nicotine withdrawal on social functioning. The review identified 13 studies that experimentally manipulated nicotine and assessed social functioning, 12 of which found support for nicotine's enhancement of social functioning. Although few experiments have investigated social functioning, they nevertheless offer compelling evidence that nicotine enhances social functioning in smokers and suggest that nicotine deprivation may hamper social functioning in those dependent on nicotine. Future directions for investigating social outcomes and context in those who use nicotine products are discussed with a focus on leveraging advances in social and developmental psychology, animal research, sociology, and neuroimaging to more comprehensively understand smoking behavior.
to have generated the dramatic reductions in smoking that many had hoped it would (Kotz, Brown, & West, 2014) . In addition, there is a growing percentage of individuals who appear to smoke too infrequently to maintain a level of nicotine necessary for withdrawal symptoms during abstinence, which is a key aspect of drug dependence 1 (Rubinstein, Benowitz, Auerback, & Moscicki, 2009; Schane, Glantz, & Ling, 2009; Shiffman, 2009) . Although intermittent smokers may not be physically dependent on nicotine, many paradoxically demonstrate stable smoking patterns (Schane, Ling, & Glantz, 2010) . This routine challenges the idea that consistent smoking behavior serves only to forestall nicotine withdrawal. Further, nonnicotine containing cigarettes appear to reduce dependent smokers' urge to smoke (Barrett, 2010) , suggesting that cigarette smoking may not serve exclusively as a vehicle for nicotine delivery. Clearly, smoking is a complex health behavior driven by factors extending beyond nicotine dependence. One such factor, which is the focus of this review, concerns the impact of smoking on social functioning.
Applying Social Context to Smoking
While experimental smoking research has largely ignored the contribution of social factors to smoking motivation and behavior, this neglect may be changing (Dimoff & Sayette, 2017; Poland et al., 2006 ). An example of this shift can be found in the recently introduced sociopharmacological model of tobacco addiction, which proposes addressing tobacco-related health disparities by experimentally examining how pharmacology and societal context (e.g., social standing) work in unison to produce a behavior (Leventhal, 2016) . A related question concerns how other aspects of the broader societal context (e.g., social functioning) interact with nicotine pharmacology to affect smokers' well-being, defined by Ryan and Deci (2001) as optimal psychological functioning and experience. This is a nontrivial point, as current smokers report decreased social connection across a variety of situations compared with ex-and never-smokers (Chiew, Weber, Egger, & Sitas, 2012) and report lower subjective levels of well-being even after controlling for demographic variables (e.g., socioeconomic status, SES) and personality traits (e.g., neuroticism; McCann, 2010) . Smoking is also more common in individuals who face increased social difficulties (e.g., individuals struggling with mental illness or who belong to disadvantaged or minority groups).
Those suffering from a mental illness are twice as likely to smoke compared with those without a mental illness (Lasser et al., 2000; Lawrence, Mitrou, & Zubrick, 2009 ), even after controlling for demographic factors (Lasser et al., 2000) . They also are more likely to be highly nicotine dependent (Dani & Harris, 2005; de Leon, Becona, Gurpegui, Gonzalez-Pinto, & Diaz, 2002) and are less likely to quit smoking (Smith, Mazure, & McKee, 2014) . Many of the mental illnesses most associated with smoking behavior (e.g., schizophrenia, depression, anxiety, and bipolar disorder) also include difficult-to-manage, socially relevant symptoms.
Smoking is more frequent in minority populations (e.g., racial and sexual minorities) and in those who have low levels of education and SES (Antin, Lipperman-Kreda, & Hunt, 2015; Hiscock, Bauld, Amos, Fidler, & Munafò, 2012; Leventhal, 2016; Siahpush, Singh, Jones, & Timsina, 2010; USDHHS, 2014) . These same groups also struggle disproportionately with smoking cessation and suffer increased nicotine withdrawal symptoms (Bello et al., 2016; Croghan et al., 2010) . Low SES individuals are less likely to try to quit smoking (Reid, Hammond, Boudreau, Fong, & Siahpush, 2010 ) and when they do make a quit attempt, they are less likely to succeed (Gilman, Abrams, & Buka, 2003; Reid et al., 2010) . Similar to what is found for those with mental illness, belonging to a minority or impoverished group is associated with increased social difficulties, as example, these individuals often face increased discrimination that influences health outcomes (Williams, 1999) .
Smoking rates among these groups have not shown the recent decline that has been observed in the general population (Leventhal, 2016; USDHHS, 2014) . Moreover, as overall smoking rates drop, individuals belonging to these groups may suffer social stigma by virtue of remaining smokers (Antin et al., 2015) . Stigma associated with smoking is an emerging research topic, as smoking rates fall for some but not all smokers. Hammett et al. (2018) found that in socioeconomically disadvantaged smokers, a proactive, tailored intervention performed better for those who encounter less smoking related stigma. According to the authors, those who encounter low levels of smoking stigma might be less motivated to quit smoking, because of a more permissible attitude toward smoking in their social environment. Consequently, a tailored intervention might be especially effective for those who face lower smoking stigma. An interesting finding was that this study also revealed that those who face increased smoking stigma reported better smoking outcomes (e.g., more quit attempts within the last year), but poorer mental health outcomes (e.g., more reported depression and anxiety). Further research on the interplay between smoking stigma and both smoking and well-being outcomes will be important.
The high incidence of smoking in particular groups suggests a possible association between socially relevant outcomes of wellbeing and smoking behavior. Certainly there may be additional explanations for increased smoking rates in these groups that do not implicate social functioning. Nevertheless, understanding how the cycle of nicotine intake and nicotine withdrawal affects socially relevant outcomes central to well-being such as social functioning, holds promise for developing novel targets for smoking cessation interventions.
Nonexperimental Research on Social Processes and Smoking
Nonexperimental research reveals that smoking is motivated at least in part by social context and interactions. Several studies have leveraged ecological momentary assessment (EMA) to identify situations in which smoking occurs. Shiffman, Kirchner, Ferguson, and Scharf (2009) observed that nearly one-third of all cigarettes smoked by intermittent smokers not trying to quit in the near future were consumed in connection to socializing. A similar percentage of cigarettes were smoked in social contexts in a study of daily smokers who were assessed before a quit attempt (Shiffman et al., 2002) . This latter study suggested that considerable smoking occurred in a social context and hints that smokers may prefer to socialize in areas that allow smoking. This study also found smoking was more likely when seeing others smoke, suggesting social context drives smoking even in those planning to initiate a quit attempt.
Two large-scale surveys conducted in the United Kingdom found smokers endorse socializing as a reason to smoke. Smoking was moderately endorsed as an aid to socializing, scoring 2.8 on a 1-5 scale, which was the same average score given to smoking for withdrawal relief (McEwen, West, & McRobbie, 2008) . Fidler and West (2009) found that 8% of respondents reported that smoking helped them to socialize, with this figure increasing among those under 35. Additional support comes from a few smaller samples of United States college students, which found the opportunity to socialize was endorsed for 23 and 17% of cigarettes (Piasecki, Piper, Baker, & Hunt-Carter, 2011) . Not surprisingly, surveys of "social smokers" find they primarily smoke in social situations such as parties (Moran, Wechsler, & Rigotti, 2004) , and aspects of social context (e.g., perceived social support), moderate their smoking (Waters, Harris, Hall, Nazir, & Waigandt, 2006) . More recent work indicates that smokers' social network characteristics (e.g., networks associated with smoking cues and contexts) predicted quitting success (Burgess-Hull, Roberts, Piper, & Baker, 2018) . Of course, such social influences would be expected for many behaviors, not just smoking. Nevertheless, these surveys offer strong support that smokers themselves feel motivated to smoke for socially relevant reasons.
Focus group findings also implicate social effects of nicotine use. For instance, a dozen adults with attention-deficit/hyperactivity disorder reported smoking to enhance social functioning and their interpersonal relationships. One member remarked that ". . . smoking gives me a feeling of belonging and togetherness, something I can really enjoy . . ." (Liebrenz et al., 2014, p. 146) . Male undergraduates reported using smokeless tobacco to enhance male bonding experiences, particularly with potential role models, and its use conveyed considerable social reward despite acknowledged health risks (Helme, Cohen, & Parrish, 2012) . Overall, focus group studies reveal that social context and social functioning are important factors for smokers when they consider the motivation for, and consequences of, their smoking behavior.
Experimental Smoking Research
Although the aforementioned research indicates that smokers report smoking at least in part to enhance social situations or improve socializing, with the exception of modeling research showing that smoking behavior is influenced by the presence of others (e.g., Harakeh & Vollebergh, 2013) , most experimental smoking research fails to incorporate social factors (Dimoff & Sayette, 2017) . This neglect stands in contrast to other subdisciplines of public health smoking research, such as social epidemiology, in which ". . .
[smoking] studies have social context as their starting point and often as their primary focus" (Graham, 2017, p. 396) . It also contrasts with an interest in social factors observed in other experimental drug research, including alcohol (Borsari & Carey, 2001; Kirkpatrick & de Wit, 2013; Sayette et al., 2012), 3,4-methylenedioxymethamphetamine (MDMA; De Wit, 2016; Hysek et al., 2014) , and marijuana (Heishman & Stitzer, 1989; Osborne & Fogel, 2008) .
While the literature on the effects of smoking and withdrawal on social functioning in established smokers has yet to be reviewed, a well-considered body of research examining the impact of smoking and withdrawal on basic cognitive and affective functioning in asocial settings (i.e., participants tested individually) is pertinent. Acute ingestion of nicotine has enhanced cognitive functioning in both clinical (e.g., patients with schizophrenia) and nonclinical samples (Foulds et al., 1996; Levin, Wilson, Rose, & McEvoy, 1996; Newhouse, Potter, & Singh, 2004) . Conversely, nicotine withdrawal impairs cognitive functioning (Ashare, Falcone, & Lerman, 2014) , and these effects may extend to processes such as social cognition.
With regard to the influence of smoking and nicotine withdrawal on affect, the conclusions are less clear. Smoking is associated with both anxiety disorders (Lawrence et al., 2009; Moylan, Jacka, Pasco, & Berk, 2012; Mykletun, Overland, Aarø, Liabø, & Stewart, 2008) and depression (Lawrence et al., 2009; Mendelsohn, 2012 ; although see Mykletun et al., 2008 for evidence of possible overestimation of the correlation between smoking and depression). Depression symptoms associated with nicotine withdrawal are especially troublesome for those with a history of depression (Mendelsohn, 2012) , and smokers themselves often expect to experience negative affect during periods of abstinence (Hendricks & Leventhal, 2013) . Paradoxically, when one is able to successfully quit smoking, anxiety and depression outcomes improve over the long-term compared with those who continue smoking (Taylor et al., 2014) . While these data suggest the relationship between depression, anxiety, and smoking is not clear cut, clinical guidelines, like those from the Diagnostic and Statistical Manual of Mental Disorders-Fifth Edition (DSM-5; American Psychiatric Association, 2013), suggest smoking withdrawal may negatively influence affective processes important for social functioning. For example irritability, frustration, and anger are listed as key nicotine withdrawal criteria, suggesting that withdrawal may change an individual's tolerance and capacity for handling certain social situations or interactions.
In summary, surveys and naturalistic studies point to the importance of social factors in smoking, yet little is known regarding the social mechanisms underlying this association. Such insight calls for experimental investigation of smoking and social functioning. There is experimental evidence that smoking and nicotine withdrawal alter basic cognitive and affective processes that likely influence social functioning. Specifically, these asocial studies suggest that ingestion of nicotine via smoking or other means (e.g., nicotine patch or gum) should enhance social functioning. To date, a limited number of experiments have investigated the impact of nicotine ingestion and withdrawal on social functioning. These studies diverge widely in the nature of their samples and design. This review aims to organize this body of work and tests the hypothesis that nicotine will positively influence social functioning by enhancing positive aspects of social functioning and/or decreasing problematic characteristics of social functioning. The review concludes by highlighting clinical and preclinical studies that offer directions for future research on nicotine and social outcomes.
Method
Pubmed, PsychInfo, Web of Science, and Google Scholar were searched for peer reviewed laboratory studies in English using the following search terms: (smok ‫ء‬ , cigarette, nicotine, OR tobacco) This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
AND (social reward, social reinforcement, social interaction, peer interaction, partner interaction, group interaction, social functioning, social context, OR group processes) AND human. Reference alerts were created to identify potential new studies after the initial search to optimize the number of studies found. Titles and abstracts of all identified studies were evaluated and promising articles were reviewed in full (see Figure 1) . Five studies were identified as fitting the review criteria. Forward and backward reference searches were conducted on these studies, which resulted in nine additional studies. Two data requests were sent for additional study details; both requests were acknowledged and required data was provided for one of the requests. For inclusion in the current review, studies had to alter nicotine ingestion either before or during the laboratory visit. 2 Studies that simply tested for smoker/nonsmoker differences without experimentally altering nicotine ingestion were not included. Studies also had to report findings for at least one outcome measure of social functioning, as detailed below. Because this is a review paper and no new data were collected, we did not seek Institutional Review Board approval.
Social Functioning
Despite its clinical significance, social functioning is not universally defined (cf. Ro & Clark, 2009; Yager & Ehmann, 2006) . Rather, social functioning is an umbrella term that comprises aspects of both social skills and social cognition (Hirschfeld et al., 2000) . For the present purposes, we adopt Paykel's (1999) definition of one's "ability to function within their usual environment" (p. S9), which recognizes the key role of situational factors to alter particular aspects of social functioning. Operationalizing social functioning is also difficult because social interactions involve a number of social-cognitive processes across a variety of skill levels (e.g., attending to another person, recognizing subtle sarcasm) and can be measured using questionnaires or through performance on standardized interactions. For this review, social functioning measures were categorized as either self-report or standardized assessment of social functioning, with the latter including facial expression recognition and both computer-based and in-person interactions. Expression or emotion recognition was considered a measure of social functioning because facial expression recognition reflects the ability to process other people's emotions based on prior experience and emotional learning as well as situational visual cues (Adolphs, 2002) .
Because we aim to review how nicotine administration and withdrawal alters social functioning, we considered enhanced social functioning to reflect both increases in positive aspects of social functioning and decreases in negative aspects of social functioning as possible mechanisms for enhanced social functioning. Because studies may use different baselines to evaluate the effects of their manipulations (e.g., normal smoking, various stages of withdrawal), increases in positive aspects of functioning or decreases in negative aspects of functioning are determined on a study-by-study basis and described in the text. Positive aspects of social functioning include being more cooperative, feeling more friendly or extroverted, or being faster or more accurate when recognizing certain facial expressions. While self-report friendliness may not always translate into actually being friendlier, self and other judgments of extraversion often correlate (Albright, Kenny, & Malloy, 1988; Beer & Watson, 2008) , suggesting that self-assessment of social functioning can be reflected behaviorally. Negative aspects of social functioning, which make social interactions more difficult or unpleasant, include actions such as aggressive responding, retaliation, or faster/more accurate recognition of fearful expressions. Decreased response to fearful faces in particular is considered a prosocial consequence, as reduced response to fear expressions increases social approach behavior (Bedi, Hyman, & de Wit, 2010; Hysek et al., 2014) .
Results
Thirteen experiments were identified that assessed social functioning and manipulated nicotine administration 3 (see Table 1 ). These studies used different populations, study designs, nicotine delivery methods, and social functioning measures. Three assessed nonsmokers (Niemegeers et al., 2014; Quisenaerts et al., 2013 Quisenaerts et al., , 2014 Rohrbaugh, Shoham, Butler, Hasler, & Berman, 2009 ) and two included a clinical population (Drusch et al., 2013; Quisenaerts et al., 2013 Quisenaerts et al., , 2014 . Four used a between-subjects study design (Alessi, Badger, & Higgins, 2004; Drusch et al., 2013; Rohrbaugh et al., 2009; West, Jarvis, Russell, Carruthers, & Feyerabend, 1984) . Nicotine was administered via cigarette (Alessi et al., 2004; Gilbert & Spielberger, 1987; Hendricks & Leventhal, 2013; Kahler et al., 2012; Rohrbaugh et al., 2009) , gum (Cherek, 2 The purpose of this review is to characterize the association between social functioning and smoking, but we acknowledge that many laboratory studies provide nicotine in noncombustible forms. Throughout the remainder of this review, the studies are discussed in terms of nicotine ingestion and withdrawal as it is impossible to assess the specific impact of cigarette smoking on social functioning in studies that do not involve smoking.
3 Quisenaerts et al. (2013 Quisenaerts et al. ( , 2014 used the same participants and collected measures at the same time. They will be referred to as one study and cited as Quisenaerts et al. (2013 Quisenaerts et al. ( , 2014 . This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Percentage correct on the RMET. There was no effect of nicotine on the percent correct on the RMET.
Nicotine did not alter responding on a commonly used emotion recognition, theory of mind task, the RMET.
Quisenaerts et al. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Denotes the same study population. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Bennett, & Grabowski, 1991; Spiga, Bennett, Schmitz, & Cherek, 1994; Spiga et al., 1998; West et al., 1984) , nasal spray (Drusch et al., 2013; Niemegeers et al., 2014; Quisenaerts et al., 2013 Quisenaerts et al., , 2014 , and patch (Asgaard, Gilbert, Malpass, Sugai, & Dillon, 2010) .
Overall Effect of Nicotine on Social Functioning
There was clear evidence that nicotine ingestion improved social functioning. Twelve of the 13 studies found that nicotine administration enhanced social functioning by either increasing positive aspects of functioning or decreasing negative aspects of functioning. Ten studies reported increased positive features of social functioning after nicotine ingestion, such that participants displayed higher self-reported friendliness, extroversion, or composure around others after nicotine ingestion compared with abstinence or low nicotine doses (Alessi et al., 2004; Drusch et al., 2013; Hendricks & Leventhal, 2013; West et al., 1984) , higher self-evaluation of one's performance in a debate compared with a minimally deprived baseline (1 h of abstinence; Gilbert & Spielberger, 1987) , improved social cognition at low doses (1 mg) for nonsmokers (Quisenaerts et al., 2013 , increased affective synchrony in dyads (couples) when both individuals smoked (Rohrbaugh et al., 2009) , increased cooperative responding compared with low or no nicotine doses (Spiga et al., 1994; Spiga et al., 1998) , and faster facial expression identification compared with 14 h of abstinence (Asgaard et al., 2010) .
Two studies reported a decrease in negative aspects of social functioning. Cherek et al. (1991) found nicotine gum, and to a lesser extent placebo gum, decreased aggressive responding compared with a no gum condition in heavy male smokers who were provoked during a computer interaction. Kahler et al. (2012) found ad lib (typical) smoking, compared with nicotine abstinence, decreased recognition of fearful expressions, with no influence on angry, happy, or sad expressions. (Increased fearful expression recognition may stem from heightened feelings of anxiety during nicotine withdrawal [Hughes, Higgins, & Bickel, 1994] , which could make fearful faces more attention grabbing. It is also possible that chronic nicotine administration dampens the response to fearful expressions, which would result in increased attention to fearful expressions in the absence of nicotine. Because of study design, it is impossible to identify which mechanism is implicated in this particular study.)
Notably, even the lone study reviewed that did not find nicotine to enhance social functioning offered partial support for a subset of the sample. Niemegeers et al. (2014) used a different method from the other 12 studies, testing nonsmokers using an emotion recognition/matching task. Nicotine improved performance for individuals who scored poorly at baseline, but impaired performance for those who performed well at baseline. A similar moderation effect of nicotine's impact on social functioning by baseline performance was observed in a study that was not included in this review, because it did not experimentally manipulate nicotine (Ospina et al., 2016) . In summary, across a variety of methods and measures, nicotine administration appears to consistently enhance social functioning. The next two sections break down these overall findings according to the approach to social functioning assessment (self-report or standardized assessment).
Self-reported social functioning. Seven studies collected self-report data on social functioning. Five assessed mood states considered beneficial to social functioning, including friendliness, as assessed by the following items on the Profile of Mood States (POMS) friendly, agreeable, helpful, forgiving, good-natured, warm-hearted, good-tempered, and kindly (Alessi et al., 2004; Hendricks & Leventhal, 2013; Spiga et al., 1994) ; extraversion as measured by the multidimensional self-report inventory BSKE-30 (Drusch et al., 2013) ; "composure in company" and "sociable" as measured by an in-house questionnaire (West et al., 1984) , and own and other friendliness as measured by an in-house questionnaire (Spiga et al., 1994) . Four of these five studies found nicotine, compared with low or no nicotine, increased friendliness, extraversion, or sociable and composure in company. The one study that failed to find an effect of nicotine (Spiga et al., 1994) used the POMS friendliness subscale and asked participants to rate the other person and their own friendliness, helpfulness, honesty, and aggression. Several study-specific elements may have contributed to the lack of effect, most notably that it had the smallest sample size in this review (n ϭ 5) and administered the questionnaires 15 times per person (once per trial), possibly causing burnout or anchoring effects.
The remaining two studies using self-report focused on individuals' ratings after a social interaction. Gilbert and Spielberger (1987) instructed participants to take turns expressing opinions on controversial topics (e.g., abortion) with a same sex other who held a different opinion on the topic. After the interaction, participants completed self-report ratings of social competence and mood. Each person had three conversations with the same partner. The first conversation was practice; in the final two the partners alternated smoking. When smoking, participants felt less anxious/ nervous, less misunderstood, more listened to, and more successful in changing the other person's opinion. Smoking did not change other aspects of self-reported mood (e.g., angry, sad/depressed, interested, or pleasant) or overall emotional arousal, suggesting the significant positive social effects were not because of global affect changes. Rohrbaugh et al. (2009) tested nicotine's impact on dyad-level functioning by having single-smoker and dual-smoker couples converse about health related disagreements. Midway through the conversation, smokers were permitted to smoke. After the conversation, participants independently rated their moment-to-moment affect while watching the conversation. A dyad-level measure of affective synchrony was calculated to assess how emotionally connected the pair was during the nonsmoking baseline and smoking period. From baseline to smoking, dual-smoker couples increased in affective synchrony while single-smoker couples decreased. This effect remained after controlling for mean-level affect change. The authors note that dual-smoker couples either increased in positive affect or affective synchrony, but not both. This suggests that shared nicotine intake enhanced the couple's emotional synchrony, and that this effect was not simply the result of nicotine increasing dual-smoker couple's positive affect.
Standardized social functioning performance. A total of eight studies assessed social functioning with at least one standardized social interaction paradigm. Four studies included computer-based interactions to assess social response characteristics (e.g., aggression, cooperation, or social decision-making; Cherek et al., 1991; Quisenaerts et al., 2013 Quisenaerts et al., , 2014 Spiga et al., 1994; Spiga et al., 1998) ; five included facial expression recognition tasks (Asgaard et al., 2010; Drusch et al., 2013; Kahler et al., This document is copyrighted by the American Psychological Association or one of its allied publishers.
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2012; Niemegeers et al., 2014; Quisenaerts et al., 2013 Quisenaerts et al., , 2014 ; and one included a live human interaction (Drusch et al., 2013) . Of the four studies that used computer paradigms, all found evidence of enhancement of social functioning after nicotine administration. Spiga and colleagues performed two studies, one with male smokers (1994) and a follow-up including females (1998), and found ad lib smoking or nicotine gum resulted in more cooperative responses to other initiated cooperation chances. Cherek et al. (1991) assessed aggressive responding on a computer task and found smokers had the highest levels of aggressive responding under a no gum condition, compared with ad lib smoking. Aggressive responding did not differ between the ad lib baseline and the nicotine gum condition. colleagues (2013, 2014 ) assessed social decision-making in smoking and nonsmoking individuals diagnosed with schizophrenia with the computerized mini ultimatum game (UG). The mini UG requires participants to consider the social context surrounding an offer they receive from a partner. Smokers responded similarly to healthy controls by taking into account the context of the decision their partner made and this was not changed by nicotine dose. 4 On the other hand, nonsmokers failed to show context guided social decision-making at baseline, but did after 1 mg of nicotine. This enhancement weakened to trend-level at a higher dose of nicotine, 2 mg.
Five studies assessed nicotine's effect on facial affect recognition using expression matching (Drusch et al., 2013) , expression identification (Asgaard et al., 2010; Kahler et al., 2012; Quisenaerts et al., 2013 Quisenaerts et al., , 2014 , or both (Niemegeers et al., 2014) . The influence of nicotine on affect recognition was mixed. Quisenaerts et al. (2013 Quisenaerts et al. ( , 2014 and Drusch et al. (2013) did not find nicotine to enhance facial affect recognition. Asgaard et al. (2010) found nicotine reduced the time needed to correctly recognize happy and angry faces. Consistent with the view that the absence of nicotine inhibits social functioning, Kahler and colleagues (2012) observed that withdrawal enhanced fearful face recognition. Niemegeers et al.'s (2014) study of nonsmokers did not find a main effect of nicotine on expression recognition, but correlational analyses revealed baseline functioning moderated nicotine's impact on affect recognition. Among those performing well at baseline, nicotine impaired affect recognition, while among those performing poorly, nicotine enhanced affect recognition. While there is support that nicotine improves affect recognition when baseline functioning is considered and that it may reduce the time needed to identify certain expressions, the two studies reporting null findings and the finding that nicotine withdrawal enhanced fear recognition suggest additional research is needed to more concretely determine the exact role nicotine plays in altering facial affect recognition.
One study assessed social functioning during a live interaction (Drusch et al., 2013) . In this study, individuals with schizophrenia and healthy controls were given 1 mg nicotine or placebo nasal spray 90 min before participating in a short, semistandardized conversation role-play. Although nicotine did not alter behavior on the social competency task, as acknowledged by the authors, the nicotine dose may have been insufficient to affect dependent smokers.
Discussion
Although there is a wealth of nonexperimental research indicating a key role for social factors in smoking, experimental research on the topic has lagged. The present review evaluated findings across 13 identified studies. Despite a wide assortment of methods and measures, the results were clear that nicotine enhances social functioning in smokers and that withdrawal from nicotine seems to disrupt social functioning. More precisely, nicotine increased selfreport states linked to social functioning as well as performance on certain standardized tests of social functioning.
A comprehensive analysis of the myriad of factors contributing to smoking requires investigating what smokers believe they gain from smoking a cigarette, including effects that pertain to the experience of well-being (Leventhal, 2016) . Accordingly, the studies reviewed above suggest that smoking may offer specific benefits to individuals who struggle socially, which may lead to the development of cessation interventions that address both the physical and psychosocial effects of nicotine withdrawal. Feeling more sociable or friendly may lead to increased engagement in social approach behavior and more confidence in social situations, both of which are important outcomes for those with depression or anxiety, two conditions common in smokers.
Although we believe this review to be the first to address the effects of nicotine and withdrawal on social functioning, it was based on just 13 studies. Despite this fairly small number and the substantial methodological variability across these studies (e.g., nicotine was not always delivered via cigarette smoking, many studies relied on self-report measures that can be vulnerable to response bias), the nearly uniform social-enhancing impact of nicotine offers compelling support for the value of including social context in experimental smoking studies. Another feature of this literature is that most studies did not include a nonsmoking comparison group. Relying exclusively on smokers makes it difficult to disentangle withdrawal-relief effects from direct effects of nicotine because many smokers begin to experience withdrawal if they do not regularly ingest nicotine (Hughes, 1991) . That is, it is hard to identify a "nicotine sweet-spot" in which smokers experience neither the acute effects of nicotine ingestion nor the initial pangs of withdrawal. This concern is not, of course, specific to social functioning, as it challenges understanding of the impact of nicotine and nicotine withdrawal on all aspects of emotion and cognition. In addition, more research is needed to isolate the impact of nicotine withdrawal on social functioning. If smokers experience reduced social functioning during withdrawal and are not adequately prepared to cope with such side effects, they may be more likely to relapse to smoking. Finally, while this review focused on one vital social process (social functioning), other aspects of social context likely contribute to our understanding of smoking behavior, and warrant systematic investigation. One such example concerns the impact of smoking on the response to socially rewarding stimuli, such as the preference for attractive human faces (Adams, Attwood, & Munafò, 2015) , positive emotional displays Leventhal et al., 2012) , or social approval (Fareri & Delgado, 2014) .
Future Directions
Establishing that nicotine enhances social functioning provides a starting point for what we hope can be productive efforts to integrate social context into experimental smoking research. This research can benefit from the integration of theory and methods drawn from a variety of areas including social psychology, developmental psychology, and animal studies of nicotine. While this list is not exhaustive, we select below a few directions we believe have potential to advance understanding of the socially reinforcing properties of nicotine intake.
Experimental social psychology. While laboratory experiments offer optimal control compared with more naturalistic paradigms, recent efforts by social psychologists to retain the rigor of the laboratory while enhancing ecological validity offer new directions for smoking research on social functioning. Often this requires including unscripted or partially structured tasks that can be used to address both negative and positive reinforcing aspects of smoking (Gable, Gonzaga, & Strachman, 2006; Rohrbaugh et al., 2009) . One such example is the capitalization task, which is a laboratory based, unscripted interaction between two participants (e.g., a couple) during which they share positive events in their lives (Gable et al., 2006) . Similarly, smoking research would benefit from studies examining the impact of smoking and withdrawal on social bonding processes during group formation, a direction that recently has proven useful for studying alcohol (Sayette et al., 2012) .
Research on the impact of nicotine and withdrawal on negative social experiences also can benefit from theory and methods derived from social psychology. A great deal of recent work in areas such as ostracism, social threat, and punishment perception (Goldin, Manber, Hakimi, Canli, & Gross, 2009; Spitzer, Fischbacher, Herrnberger, Grön, & Fehr, 2007; Wesselmann, & Williams, 2017) would offer useful directions for smoking research. It also would be important to study how smoking influences the perception of socially rewarding and socially threatening stimuli when they co-occur, as one's social environment is rarely entirely rewarding or threatening. Social psychological research on close relationships, for example, finds reward and threat contribute uniquely to processes such as commitment and satisfaction (Gere, MacDonald, Joel, Spielmann, & Impett, 2013) . Collaborations among smoking researchers and social psychologists would not only help to improve understanding of smoking behavior, but likely would offer unique circumstances and manipulations (e.g., smoking abstinence) to test and expand extant social psychological models.
Developmental research. An especially challenging issue that plagues much of the smoking literature concerns how to determine if smoker/nonsmoker differences are because of chronic nicotine use or to upstream factors that result in differential uptake of smoking. Without behavioral, genetic, and longitudinal studies that assess social outcomes and smoking status before smoking initiation, it is impossible to determine if smokers have innate or early childhood (presmoking) differences in social experience. Developmental psychological approaches that prospectively study participants starting early in life offer useful blueprints for addressing this concern. A recent study found poor childhood social ability conveyed reduced adolescent smoking risk, but midadolescent smoking predicted poor social ability at 17 (Fluharty, Heron, & Munafò, 2017) . These complex findings emphasize the need to investigate social functioning development prior and concomitant to nicotine use. A longitudinal approach also can be applied to subsequent stages of smoking, such as during quit attempts, to assess, for example, how current social functioning or reward sensitivity predicts future treatment outcomes (Burgess-Hull et al., 2018) . Research with alcohol dependent participants suggests the utility of this approach. Rupp, Derntl, Osthaus, Kemmler, and Fleischhacker (2017) found poor facial affect recognition at treatment initiation was associated with increased rates of relapse and program dropout. It is unclear whether smokers suffer from similar social impairments or if such impairments would hinder treatment success, but studies including pretreatment social functioning assessments could prove informative. Longitudinal studies are uniquely able to characterize how presmoking social skills or environments alter smoking trajectories and can be used to document the effects of social context on smoking. In some instances, adding a few simple measures of smoking behavior to what are typically expensive longitudinal studies of child and adolescent social development into adulthood would efficiently yield valuable information about smoking without the need to generate a unique data set.
Rodent studies of nicotine. Because rats are highly social, their investigation has offered insight regarding the interactions of nicotine and social context that are hard to observe in humans who necessarily enter the lab with distinct personal histories. For instance, nicotine reduces social interaction test anxiety more for isolated rats than for group housed rats (Cheeta, Irvine, & File, 2001) . Pentkowski et al. (2011) found rats in a social context had lower levels of corticosterone, a hormone related to stress response, after first time nicotine exposure compared with isolated rats, perhaps suggesting why smoking initiation often happens in social contexts. Another rodent study found reduced aggression toward intruders after nicotine (Johnson, Carlson, Lee, Burr, & Wagner, 2003) , which parallels the findings from the current review that when smokers receive nicotine they demonstrate reduced aggressive responding (e.g., Cherek et al., 1991) . These rodent findings also support smoker self-reports of irritation during nicotine withdrawal and the inclusion of this withdrawal symptom in DSM-5. Future research on how rodents respond to negative social interactions may help guide intervention strategies for humans. One of the reviewed studies found, for example, that nicotine decreased attention to fearful expressions and rodent research may help explain how nicotine withdrawal can change the response to social fear cues. Such findings may aid in preparing smokers for the short-and long-term social changes that may accompany smoking cessation.
Research using rodents also suggests nicotine can enhance the rewarding nature of social stimuli, which could have important implications for social interactions and functioning. Nicotine not only is rewarding on its own, but it enhances the rewarding properties of other stimuli (Caggiula et al., 2009; Rupprecht et al., 2015) . Data collected using rats (Donny et al., 2003; Kenny & Markou, 2006) and humans (Palmisano, Hudd, McQuade, de Wit, & Astur, 2018; Perkins & Karelitz, 2013 ) support this dualreinforcement account by showing nicotine to enhance the reinforcing properties of other rewarding stimuli. Presumably, nicotine also would enhance the perception of pleasant social stimuli, which is rewarding on its own (Bhanji & Delgado, 2014) . Such This document is copyrighted by the American Psychological Association or one of its allied publishers.
effects have been found in rodent studies; when socially rewarding exchanges and nicotine are paired using a conditioned place preference paradigm they are more rewarding than either stimulus alone (Chen, Sharp, Matta, & Wu, 2011; Thiel, Sanabria, & Neisewander, 2009; Trezza, Baarendse, & Vanderschuren, 2009 ). Whether or not similar effects hold for social reward perception in humans has yet to be systematically tested. These rodent studies serve to advance conceptual understanding of nicotine's effects on social functioning in humans and illuminate ways in which preclinical animal work can serve as a basis for human studies of similar concepts. Social context across substances. Social motives contribute to the abuse of a number of drugs (de Wit & Sayette, in press ). While experimental smoking research has been relatively slow to integrate nicotine pharmacology with social factors, research on other substances can serve as a useful guide. For instance, research indicates that alcohol pharmacologically heightens the desire to socialize, enhances the pleasure derived from socializing, and facilitates interpersonal responding (de Wit & Sayette, in press; Fairbairn, Sayette, Aalen, & Frigessi, 2015; Sayette et al., 2012) . Studies exploring socially relevant aspects of MDMA also may prove useful for nicotine researchers interested in exploring social factors. MDMA, or "ecstasy" is primarily taken in social situations (e.g., night clubs) and its use reliably results in higher self-ratings of prosocial states (e.g., friendliness, extroversion, and sociability; see Kamilar-Britt, & Bedi, 2015) . Wardle and de Wit (2014) utilized an in-person interaction paradigm to study how MDMA alters positive and negative types of speech as well as the participant's perceptions of their interaction partner (a research assistant). Using this type of semistructured interaction paradigm can overcome many of the limitations inherent in self-report or other noninteractive measures when attempting to assess social outcomes, and also may be useful for smoking research, including research with electronic cigarettes.
Neuroimaging. Neuroimaging techniques, such as functional magnetic resonance imaging (fMRI), positron emission tomography (PET), and magnetoencephalography can characterize the neural substrates underlying particular behaviors, which in turn can help smoking researchers create more informed theories of how nicotine administration or nicotine withdrawal impact social outcomes. There are many questions concerning nicotine's role in socially relevant outcomes that neuroimaging is well suited to address. As just a few examples, a recent fMRI study found that smokers have enhanced salience network coupling compared with nonsmokers (Janes et al., 2018) . Because the salience network is thought to inform a person's behavior by integrating internal and external information, this line of research could be extended to evaluate how nicotine influences attention to salient social stimuli. There also is evidence that nicotine decreases smokers' attention to negative stimuli (Rzetelny et al., 2008) and that nicotine withdrawal alters the neurobiological processing of negative social stimuli (e.g., fearful faces; Onur et al., 2012) , a pattern that parallels the behavioral data reported in this review. Future neuroimaging studies based on these findings may be better able to characterize how nicotine alters the processing of both positive and negative social information. Brain imaging techniques also can provide neuroanatomical support for theories of nicotine's pharmacological actions, particularly those that suggest nicotine augments attentional processes (Kassel, 1997) , that may relate to social-cognitive processes. Clearly, incorporating neuroimaging research into experimental studies of nicotine's impact on social processes holds promise for improving understanding of the mechanisms underlying how nicotine and social context interact to affect smoking behavior.
Sociological research. Smoking research would benefit from approaches derived from sociology that address the social network in which a smoker exists. Studies investigating the relationship between smoking and social network selection and social integration have found that smokers undergo network shifts when they change their smoking behavior. Social network characteristics such as who smokes (e.g., partners or coworkers) and network size also influence quitting (Bray, Smith, Piper, Roberts, & Baker, 2016; Burgess-Hull et al., 2018; Christakis & Fowler, 2008) . It is important to understand how and why nicotine alters social networks and internal states during social interactions, especially because smokers are at increased risk of suffering from alienating circumstances such as mental illness and impoverishment. Such considerations will likely become increasingly important to address as smoking rates continue to fall. Continuing smokers will face increased social stigma, which may lead to formation of tightknit smoker-only groups, a situation that hinders quit attempts.
Conclusions
Every time smokers light up a cigarette, they ingest nicotine. Their days often are punctuated by periods of acute nicotine intake and mild to moderate nicotine withdrawal. Smoking researchers have long recognized that nicotine alters psychological and cognitive processes, but do not yet have a firm grasp on how these effects influence many socially relevant outcomes. The key finding of this review is that both nicotine administration and nicotine withdrawal seem to influence key aspects of social functioning in smokers. In addition to organizing these prior studies, we aimed to highlight important directions for research on how nicotine consumption and withdrawal alter social functioning. Social outcomes and social context are powerful determinants of well-being, and for smokers these factors interact with their constantly fluctuating nicotine levels. To improve cessation interventions, we must expand our inquiry beyond the individual and recognize that smoking behavior is a product of nicotine consumption and one's social environment. By integrating social context into behavioral, neurobiological, and psychopharmacological studies of nicotine, a more comprehensive understanding of smoking can emerge.
